Objectives-This report presents data on mortality attributable to dementia. Data for dementia as an underlying cause of death from 2000 through 2017 are shown by selected characteristics such as age, sex, race and Hispanic origin, and state of residence. Trends in dementia deaths overall and by specific cause are presented. The reporting of dementia as a contributing cause of death is also described.
Introduction
Dementia, including Alzheimer disease and other dementias, presents a major public health challenge in the United States. Dementia is characterized by memory impairment and cognitive decline. Alzheimer disease is the most common cause of dementia. Other dementias, including Lewy body dementia, frontotemporal degeneration, vascular dementia, and mixed dementias, are often indistinguishable from Alzheimer disease in their symptoms and outcomes and may coexist with Alzheimer disease (1, 2) .
Identifying causes of death for people with dementia is challenging. In addition to the complexity of diagnosing Alzheimer disease and other dementias before death, determining the underlying cause of death can be affected by the completeness and accuracy of cause-of-death statements recorded on death certificates and the increasing number of conditions present at death as the population ages (3) . Most cases of dementia are found in older adults, and a large portion of older adults have multiple chronic conditions (4) . Therefore, dementias at the end of life often co-occur with other chronic conditions that can lead to death. Many conditions can be present at death but not be the cause of death.
Ranking causes of death is a useful tool to present mortality statistics and to illustrate the relative burden of specific causes (5) . In 2017, Alzheimer disease was the sixth leading cause of death among people of all ages and the fifth leading cause among people aged 65 and over. While in some other countries (e.g., Australia and the United Kingdom), Alzheimer disease is considered together with unspecified dementia and vascular dementia when ranking causes of death (6, 7) , in the United States, Alzheimer disease alone is a rankable cause in determining leading causes of death. Some recent studies have suggested that the number of deaths in the United States due NCHS reports can be downloaded from: https://www.cdc.gov/nchs/products/index.htm.
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to Alzheimer disease may be higher than the number reported in official mortality statistics (8, 9) . The discrepancy between diagnoses of Alzheimer disease and other types of dementia and the listing of these causes on death certificates has been noted in previous reports (10) , studies in other countries (11) (12) (13) , as well as in personal narratives (14) .
This report presents data on mortality attributable to dementia, defined as unspecified dementia; Alzheimer disease; vascular dementia; and other degenerative diseases of nervous system, not elsewhere classified. These causes of death have similar physical signs and symptoms and are considered together as an indicator of dementia mortality in the World Health Organization (WHO) Mortality Database (15) . Data for dementia as an underlying cause of death from 2000 through 2017 are shown by selected characteristics such as age, sex, race and Hispanic origin, and state of residence. Trends in dementia deaths overall and by specific cause are presented. The reporting of dementia as a contributing cause of death is also described.
Methods
Data presented in this report are based on information from all death certificates filed in the 50 states and the District of Columbia, processed by NCHS. Mortality data are from the NCHS 2000-2017 multiple cause-of-death mortality files (16) . Cause-of-death statistics presented are classified in accordance with the International Classification of Diseases, 10th Revision (ICD-10). The underlying cause is defined by WHO as the "disease or injury which initiated the train of events leading directly to death, or the circumstances of the accident or violence which produced the fatal injury" (17) . The underlying cause is selected from the conditions entered by the medical certifier in the cause-of-death section of the death certificate. When more than one cause or condition is entered by the medical examiners, physicians, or coroners, the underlying cause is determined by the sequence of conditions on the certificate, provisions of ICD, and associated selection rules and modifications (18, 19) . Generally, more medical information is reported on death certificates than is directly reflected in the underlying cause of death. Death certificates also contain information on conditions that might contribute to or were associated with the underlying cause of death. This is captured in NCHS multiple cause-of-death statistics. Multiple-cause data provide information on diseases or conditions that are a factor in death whether or not they are the underlying cause of death, on associations among diseases, and on injuries leading to death (20) (21) (22) .
The four causes of dementia mortality examined in this report, along with their ICD-10 codes, are the following: unspecified dementia (F03); Alzheimer disease (G30); vascular dementia (F01); and other degenerative diseases of nervous system, not elsewhere classified (G31), a category that includes Lewy body disease and frontotemporal dementia. The Technical Notes contain a listing of the detailed ICD codes for the four causes. These four causes accounted for nearly all of the reported dementia deaths in the United States in 2017, with the exception of rare causes of death such as Huntington disease (1,108 deaths in 2017) and Creutzfeldt-Jakob disease (458 deaths in 2017).
NCHS implementation of ICD-10 coding rules provides guidance for the selection of underlying causes of death where dementia is mentioned on the death certificate. In general, unspecified dementia (F03) is not selected if the underlying physical condition is known (19) . In addition, checks are conducted for consistency of information on the death certificate. For example, unspecified dementia (F03) as a cause of death to persons under age 55 is considered highly improbable, as is vascular dementia (F01) to anyone under age 20. Death certificates with these combinations of information would be sent back to the jurisdiction of origin for review (23).
The populations used to calculate death rates shown in this report were produced under a collaborative arrangement with the U.S. Census Bureau. Bridged-race estimates of the U.S. resident population were used. See the Technical Notes for details on the populations used to calculate death rates. Age-specific death rates are calculated per 100,000 population in the specified age group. Age-adjusted rates shown in this report were calculated by the direct method, applying age-specific death rates to the 2000 U.S. standard population age distribution (24).
Death rates are shown for the Hispanic, non-Hispanic white, non-Hispanic black, non-Hispanic American Indian or Alaska Native (AIAN), and non-Hispanic Asian or Pacific Islander (API) populations. Because of net misclassification of race and Hispanic origin on the death certificate, deaths for the nonHispanic AIAN are underreported by 33%, and the non-Hispanic API and Hispanic-origin populations by 3% (25). Consequently, data for these groups should generally be interpreted with caution. However, racial or ethnic misclassification should not prevent comparisons of relative mortality burden across groups, because there is no reason to expect that racial or ethnic misclassification varies by cause of death. Details on race and ethnicity reporting in mortality data are described in the Technical Notes and elsewhere (26). Place of death is reported on the death certificate by selecting one response from the following: hospital (inpatient, emergency room or outpatient, or dead on arrival), hospice facility, nursing home or long-term care facility, decedent's home, or other.
The data are presented by state and by urbanization level. Urbanization categories are derived from a six-level urban-rural classification scheme for the 3,143 U.S. counties and countyequivalents developed by NCHS. Each death is associated with a category based on the county of the person's legal residence. Metropolitan areas include counties in metro areas with 50,000 or greater population, including surrounding areas with strong economic ties to the central county (27) .
Differences in death rates are tested for statistical significance at the 0.05 level by calculation of a z score. Joinpoint regression methodology was used to test the significance of death rate trends across the period (28). In this report, rates described as higher or lower and changes in rates over time have been tested for statistical significance.
Percentage of dementia deaths by cause of death, 2000-2017
The percent distribution of dementia deaths by the individual causes changed over time ( Figures 2-4 , Table 1 ). Some of these changes, including specific increases in the number of deaths, can be attributed to changes in coding rules used by NCHS. For example, the increase in number of deaths due to unspecified dementia from 2005 to 2006 can be attributed to coding changes in 2006 affecting which cause was selected as the underlying cause of death when combinations of conditions were reported together on the death certificate. These changes resulted in a decrease in deaths due to anemias, nutritional deficiencies, heart disease, and essential hypertension and a subsequent increase in unspecified dementia. These changes were implemented to increase consistency and international comparability in coding these causes. In addition, vascular dementia has a unique pattern, and the increase in the number of these deaths from 2004 through 2006 corresponds to coding changes in 2005 and 2006 that were instituted to resolve inconsistencies in instructions for the coding of vascular dementia in volumes 1-3 of ICD-10. These changes resulted in a decrease in the number of deaths from cerebrovascular disease and an increase in the number of deaths due to vascular dementia (29, 30) .
Overall, in 2017 in the United States, a higher percentage of dementia deaths were attributed to Alzheimer disease than to unspecified dementia. However, this was not the case throughout the period from 2000 through 2017. In 2000, the percentage of dementia deaths attributed to Alzheimer disease was 59.2%, and the percentage attributed to unspecified dementia was 38.9%. As noted above, a coding rule change resulted in more deaths being coded as unspecified dementia beginning in 2006, with a subsequent decrease in nondementia causes of death, such as anemias, nutritional deficiencies, heart disease, and essential hypertension (29 
Trends in the percentage of dementia deaths by cause of death, selected states, 2000-2017
Trends in the percent distribution of the four dementia causes of death varied by state. Table 3 and Figures 5-10 show trends from selected states with different patterns of dementia mortality. Three of the selected states had a higher proportion of dementia deaths attributed to Alzheimer disease compared with unspecified dementia in 2017 (Arizona, Florida, and Washington) . The other three selected states (Connecticut, Maryland, and Massachusetts) had a higher proportion of deaths attributed to unspecified dementia relative to Alzheimer disease in 2017. In Arizona and Washington, the percentage of deaths attributed to Alzheimer disease was higher than unspecified dementia over the whole period, 2000-2017. In Arizona, the ratio of the reporting of Alzheimer disease and unspecified dementia widened during the period (from 1.4 in 2000 to 2.8 in 2017) , while in Washington dementia, and in 2017, the percentage attributed to Alzheimer disease was 46.4% and the percentage attributed to unspecified dementia was 38.9%. This crossover pattern is evident for males and females; age groups under 65 and over 65, including ages 85 and over; and for the non-Hispanic white, non-Hispanic black, and Hispanic populations, although the exact years of crossover vary slightly by group.
Dementia deaths attributed to other degenerative diseases of nervous system, not elsewhere classified, were more prevalent among decedents under age 65 compared with decedents aged 65 and over in 2017 (27.1% compared with 8.3%). The percentage of dementia deaths in all ages due to this cause increased from 2.3% in 2012 to 8.5% in 2017. Overall , the percentage of dementia deaths due to vascular dementia declined from 6.1% in 2014 to 5.4% in 2015 and then increased to 6.2% in 2017. In 2017, a higher proportion of dementia deaths were attributed to vascular dementia among the non-Hispanic black population (7.4%) compared with the non-Hispanic white population (6.0%).
Percentage of dementia deaths by cause of death and state, 2017
The percent distribution of dementia deaths attributed to the four dementia causes varied by state in 2017 (Table 2) . For the United States, 46.4% of dementia deaths were attributed to Alzheimer disease; 38.9% of dementia deaths were attributed to unspecified dementia; 8.5% to other degenerative diseases of nervous system, not elsewhere classified; and 6.2% to vascular dementia. In Mississippi, 66.4% of dementia deaths were attributed to Alzheimer Other degenerative diseases of nervous system 6 National Vital Statistics Reports, Vol. 68, No. 2, March 14, 2019 
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In the three selected states where the percentage of deaths attributed to unspecified dementia was higher than the percentage attributed to Alzheimer disease in 2017 (Connecticut, Maryland, and Massachusetts) , the percentage of dementia deaths attributed to unspecified dementia was lower than Alzheimer disease in 2000 in all three states. In Connecticut, the ratio of unspecified dementia to Alzheimer disease increased from 0.8 in 2000 to 1.0 in 2005, to 2.3 in 2013 , and then declined to 1.9 in 2017. In Maryland, the ratio increased from 0.9 in 2000 to 1.1 in 2005, to 3.2 in 2013 , and then declined to 2.2 in 2017. In Massachusetts, the ratio increased from 0.8 in 2000 to 1.0 
Place of dementia deaths by cause, 2017
In 2017, 60.4% of deaths attributed to dementia occurred in nursing homes, long-term care facilities, or hospice facilities. Medical facilities were the location of 8.7% of deaths, and 22.9% took place in the decedent's home (Table 4 ). There were differences in location of death by cause of death. In 2017, when the underlying cause of death was unspecified dementia, 65.4% occurred in a nursing home, long-term care facility, or hospice facility, compared with 61.4% of vascular dementia deaths, 57.7% of Alzheimer disease deaths; and 51.5% of deaths attributed to other degenerative diseases of nervous system, not elsewhere classified. A higher percentage of deaths occurred in the home if the cause of death was other degenerative diseases of nervous system, not elsewhere classified, compared with Alzheimer disease, vascular dementia, and unspecified dementia (33.9% compared with 27.6%, 22.4%, and 15.1%, respectively).
Dementia death rates by age, sex, and race and Hispanic origin, 2017
In 2017, the age-adjusted death rate for dementia was 66.7 deaths per 100,000 standard population. Age is the most widely recognized risk factor for dementia. The rate was 56.9 among people aged 65-74, 450.9 among people aged 75-84, and 2,707.3 among those aged 85 and over. Death rates also increased after age 85, with death rates more than doubling from ages 85-89 to ages 90-94 (1,691.8 compared with 3,495.0 ) and continuing to rise at age 95 and over. Among all dementia deaths reported in 2017, 1.4% (3,577) occurred among persons under age 65, while 66.9% (175,128) occurred among people aged 85 and over. The deaths of people aged 95 and over accounted for 16.0% (42,018) of all dementia deaths in 2017 (Table 5) .
Females accounted for 67.5% (176,785) of all dementia deaths in 2017. Age-adjusted death rates for dementia were higher for females compared with males (72.7 compared with 56.4) ( Table 5) .
In 2017, age-adjusted death rates for dementia were higher for the non-Hispanic white population (70.8), compared with the non-Hispanic black population (65.0) and the Hispanic population (46.0). The death rates for the non-Hispanic AIAN and API populations were lower (41.6 and 31.4, respectively). Death rates for Hispanic, AIAN, and API persons are affected by inconsistencies in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. The effects are large for the AIAN population, but relatively small for the Hispanic and API populations (25) ( Table 5 ).
Dementia death rates by urbanization and state, 2017
Age-adjusted death rates for dementia were higher in nonmetropolitan areas than in metropolitan areas (69.6 per 100,000 compared with 66.2) ( Table 5) .
Death rates for dementia varied across states. In 2017, the age-adjusted death rate for dementia in the United States was 66. 7 Figure 11 ).
Trends in dementia death rates from 2000 through 2017
Overall, age-adjusted death rates for dementia increased from 30.5 deaths per 100,000 in 2000 to 66.7 in 2017. Ageadjusted death rates for all ages were steady from 2013 through 2016 and increased from 2016 to 2017. Increases were seen in dementia death rates from 2016 to 2017 for age groups 65-74, 75-84, and 85 and over. Increases were also seen from 2016 to 2017 in age-adjusted dementia death rates for the Hispanic, non-Hispanic white, and non-Hispanic black populations (Table 7 and Figure 12 ).
Dementia as a contributing cause of death, 2017
In 2017, dementia was mentioned as a contributing cause of death on a total of 129,700 death certificates in the United States. Unspecified dementia was mentioned in 96,591 deaths, while Alzheimer disease was mentioned in 25,490 deaths. The number of deaths where vascular dementia was listed as a contributing cause was 14,866, and 5,118 deaths listed other degenerative diseases of nervous system, not elsewhere classified. Because some death certificates mentioned more than one type of dementia as contributing causes, the total number of deaths with dementia as a contributing cause is less than the sum of the four causes combined ( Figure 13 ). The total number of deaths with any mention of dementia from contributing causes (129,700) is less than the sum of the four contributing causes because some death certificates contain mentions of more than one type of dementia, and these are reflected in more than one category. NOTE: Dementia deaths are identified according to the International Classification of Diseases, 10th Revision cause-of-death codes: F03 (unspecified dementia), G30 (Alzheimer disease), F01 (vascular dementia), and G31 (other degenerative diseases of nervous system). SOURCE: NCHS, National Vital Statistics System, Mortality. Underlying cause of death among deaths where dementia is a contributing cause, 2017 Table 8 identifies the underlying causes of death when dementia is mentioned on the death certificate but is not the underlying cause of death. Overall, heart disease is most commonly mentioned (31.2%), followed by stroke (cerebrovascular disease) (12.5%). Parkinson disease is the fourth most commonly recorded underlying cause of death, representing 7.1% of deaths. However, there are differences in the rank order of underlying causes of death according to which dementia cause is mentioned as a contributing cause. If Alzheimer disease is the only one of the four dementia causes listed as a contributing cause, then 35.5% of deaths in 2017 were attributed to heart disease, followed by 11.6% of deaths attributed to cancer, and 10.5% of deaths attributed to cerebrovascular disease. Only 1.3% of those deaths were attributed to Parkinson disease. When unspecified dementia is the only dementia cause mentioned as a contributing cause of death, Parkinson disease is the fourth leading underlying cause of death representing 8.6% of deaths. Among deaths where vascular dementia was a contributing cause, 29.7% of deaths were attributed to heart disease and 30.5% of deaths were attributed to stroke. Only 1.5% of those deaths had Parkinson disease as the underlying cause of death. When other degenerative diseases of nervous system, not elsewhere classified (G31) is listed as the only dementia contributing cause, the most commonly recorded underlying cause of death was Parkinson disease, representing 24.8% of the deaths.
Summary and Discussion
This report examines dementia mortality in the United States. Deaths due to dementia are not limited to Alzheimer disease but include also unspecified dementia; vascular dementia; and other degenerative diseases of nervous system, not elsewhere classified. Considering these four causes together provides a more comprehensive estimate of the burden of dementia mortality than reporting only death rates due to Alzheimer disease.
Dementia death rates varied by age, sex, race and Hispanic origin, and geographic location. In 2017, the majority of deaths attributed to dementia occurred in nursing homes or other long-term care facilities. Overall, age-adjusted death rates for dementia increased from 2000 to 2017. Rates were steady from 2013 through 2016, and increased from 2016 to 2017. In addition to the 261,914 deaths in 2017 where dementia was reported as an underlying cause of death, an additional 129,700 deaths had dementia listed as a contributing cause of death on the death certificate. Alzheimer disease was the sixth leading cause of death in 2017. If all four dementia causes were counted together, dementia would have been the third leading cause of death in the United States in 2017.
Dementia mortality varied across states. Geographic differences in death rates for dementia could be due to factors such as variation in practices of certifiers of death (including specialized guidelines for coding dementia identified in some locations), differing awareness of Alzheimer disease and other dementias as chronic diseases that can lead to death, and differences in socioeconomic status and racial and ethnic distributions across states (31-35).
The distribution of dementia deaths across the four causes changed over time. There are likely many overlapping factors for these changes, and death certificate data alone are not sufficient to provide a comprehensive explanation. These changes have coincided with ongoing research and evolving scientific understanding of dementia. Recent research and the availability of new methods of screening (e.g., imaging and measurement of certain proteins in cerebrospinal fluid) have shown that some people with cognitive decline do not show Alzheimer disease brain changes, while others have evidence of Alzheimer disease (either postmortem or identified by biomarkers before death) without showing clinical symptoms of cognitive decline. In addition, studies have found that many cases of suspected Alzheimer disease actually are either non-Alzheimer dementias or mixed dementias, for example, where evidence of stroke or Lewy body disease is seen along with the signs of Alzheimer disease (36-40). It is difficult to identify reasons for changes in reporting of dementia causes of death when there are simultaneous changes in the scientific understanding of these causes. It is not known whether changes in practices of diagnosing Alzheimer disease and other dementias have an effect on the reporting of dementia as a cause of death. While the coding rules for these causes have remained largely constant in ICD-10, it is unknown whether certifiers of death interpret the concepts differently in light of new scientific information.
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NOTE: Dementia deaths are identified according to the International Classification of Diseases, 10th Revision underlying cause-of-death codes: F03 (unspecified dementia), G30 (Alzheimer disease), F01 (vascular dementia), and G31 (other degenerative diseases of nervous system).
SOURCE: NCHS, National Vital Statistics System, Mortality. Deaths where only one dementia cause was listed in the multiple cause-of-death axis. NOTES: Dementia deaths are identified according to the International Classification of Diseases, 10th Revision cause-of-death codes: F03 (unspecified dementia), G30 (Alzheimer disease), F01 (vascular dementia), and G31 (other degenerative diseases of nervous system). Order of underlying causes of death is based on the rank order of the top 20 rankable causes for the total category. Sum of the four individual dementia causes is less than the total number of deaths with dementia as a contributing cause because the total (129,700) includes deaths where more than one type of dementia was listed in the multiple cause-of-death axis. SOURCE: NCHS, National Vital Statistics System, Mortality.
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Cause of death
Causes of death are classified according to the International Classification of Diseases, 10th Revision (ICD-10) (17). ICD not only details disease classification but also provides definitions, tabulation lists, the format of the death certificate, and the rules for coding cause of death. Cause-of-death data presented in this publication were coded by procedures outlined in annual issues of the NCHS Instruction Manuals (18, 19, 22, 23, 43, 44) . The manuals include rules for selecting the underlying cause of death for tabulation purposes, definitions, tabulation lists, and regulations on the use of the classification. Dementia was defined using the following ICD-10 underlying cause-of-death codes: F01 (vascular dementia), F03 (unspecified dementia), G30 (Alzheimer disease), and G31 (other degenerative diseases of nervous system, not elsewhere classified). See the Table  below for the detailed ICD-10 codes for dementia.
Race and Hispanic origin
The 2003 revision of the U.S. Standard Certificate of Death allows the reporting of more than one race (multiple races) (45). The race and ethnicity items on the revised certificate are compliant with the 1997 "Revisions to the Standards for the Classification of Federal Data on Race and Ethnicity," issued by the Office of Management and Budget (OMB) (46). This revision replaced standards that were issued in 1977 (47). Some death certificates currently collect only one race for the decedent in the same categories as specified in the 1977 OMB guidelines. Therefore, death certificate data by race-the source of the numerators for death rates-are currently incompatible with the population data collected in the 2000 and 2010 censuses, intercensal estimates for 2001-2009, and postcensal estimates for 2011-2017-the denominators for the rates. To produce death rates by race, the reported population data for multiplerace persons had to be "bridged" to single-race categories. To provide uniformity and comparability of data during the transition period, before all or most of the data become available in the multiple-race format, the responses of those for whom more than one race was reported (multiple race) must be bridged to a single race. The bridging procedure is similar to that used to bridge multiracial population estimates (48,49). Multiracial decedents are imputed to a single race (white, black, American Indian or Alaska Native [AIAN], or Asian or Pacific Islander [API]) according to their combination of races, Hispanic origin, sex, and age indicated on the death certificate. The imputation procedure is described in detail at: https://www.cdc.gov/nchs/ data/dvs/Multiple_race_documentation_5-10-04.pdf.
Race and Hispanic origin are two distinct attributes and are reported separately on the death certificate. Therefore, data shown by Hispanic origin and race are based on a combination of the two attributes for the non-Hispanic population. Data shown for the Hispanic population includes persons of any race. Hispanic origin is not imputed if it was not reported.
Death rates for Hispanic, non-Hispanic AIAN, and nonHispanic API persons should be interpreted with caution because of inconsistencies in reporting Hispanic origin or race on the death certificate compared with censuses, surveys, and birth certificates. Studies have shown underreporting on death certificates of non-Hispanic AIAN, non-Hispanic API, and Hispanic decedents, as well as undercounts of these groups in censuses (25,50-52). For more details about race and Hispanic origin, including changes in the standards for classifying race and ethnicity, race bridging of deaths, and the quality of reporting on death certificates and surveys, see the Technical Notes of "Deaths: Final Data for 2016" (26).
Population for death rates

